SPECIFICATION 



Electronic Version 1.2.8 
Stylesheet Version 1 .0 

METHODS FOR THE 
PREPARATION POLY 
(ETHERIMIDE)S 

Background of Invention 

[0001] This invention relates to a method for the manufacture of poly(etherimide)s. More 
particularly, it relates to a method for the manufacture of poly(etherimide)s which 
eliminates the need for nitration. 

[0002] Polyetherimides are high heat engineering plastics having a variety of uses. The 
present commercial process for the synthesis of polyetherimides requires nitration of 
N-methylphthalimide to yield 4-nitro-N-methylphthalimide. 4-nitro-N- 
methylphthalimide is treated with the disodium salt of a bis(phenol) such as bisphenol 
A to yield a bisimide (I) having the following general structure: 



H3C - N X^o^" T "CL 0 IX N - CH3 (l) 



[0003] Bisimide (I) is then reacted with a phthalic anhydride in an exchange reaction to 
yield the dianhydride (II): 



o 

° 

6 



Reaction of dianhydride (II) with a diamine results in polymerization to a poly 
(etherimide). Methods which improve or even eliminate any of the preceding steps 
would result in an improved synthesis of polyetherimides. 

Summary of Invention 

[0004] A me thod for the synthesis of polyetherimides comprises reaction of 4- 
halotetrahydrophthalic anhydride (III) 
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[0005] 



JO 



p 

(HI) 



X 

0 

with an activating primary amine having the formula A-NH to yield N-substituted- 

4-halotetrahydrophthalimide (IV) 
0 

x jQl/" a ( ,v > 

o 

wherein A is a group which activates the tetrahydrophthalimide ring system to 

aromatization. N-substituted-4-halotetrahydrophthalimide (IV) is aromatized to yield 

N-substituted-4-halophthalimide (V): 
O 



(V) 



o 

N-substituted-4-halophthalimide (V) may then be treated with the disodium salt of a 

dihydroxy compound to yield the activated bisimide (VI): 
o o 



Activated bisimide (VI) may then be directly treated with a diamine (VII) having the 
structure 

H 2 N-Z-NH2 (VII) 

to yield poly(etherimide)s and the activating primary amine. 



In another embodiment, a method for the synthesis of polyetherimides comprises 
the reaction of 4-halotetrahydrophthalic anhydride (III) 



,0$ 



(in) 



o 

with an activating primary amine having the formula A-NH to yield N-substituted- 

4-halotetrahydrophthalimide (IV) 
o 



(IV) 



o 

wherein A is a group which activates the tetrahydrophthalimide ring system to 
aromatization. N-substituted-4-halotetrahydrophthalimide (IV) is aromatized to yield 
N-substituted-4-halophthalimide (V): 
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o 

N-A , (V) 

x 

O 

N-substituted-4-halophthalimide (V) may then be treated with the disodium salt of a 

dihydroxy compound to yield the activated bisimide (VI): 

9. o 

A- 



o o 
Activated bisimide (VI) is then treated with phthalic anhydride or hydrolysis ring 

closure to yield dianhydride (VIII): 
o o 



v0^ 0 -0^° <vi " f 



o o 
Dianhydride (VIII) may then be reacted with diamine (VII) to yield poly(etherimide). 

[0006] In another embodiment, a method for the synthesis of polyetherimides comprises 

the reaction of 4-halotetrahydrophthalic anhydride (III) 

O 



o 



(m) 



with an activating primary amine having the formula A-NH to yield N-substituted- 

4-halotetrahydrophthalimide (IV) 
O 



fib 



<"A (IV) 

X' " ' ~ 

o 

wherein A is a group which activates the tetrahydrophthalimide ring system to 

aromatization. N-substituted-4-halotetrahydrophthalimide (IV) is aromatized to yield 

N-substituted-4-halophthalimide (V): 
0 

o 

N-substituted-4-halophthalimide (V) may then be treated with diamine (VII) in a 

transimidization facilitated by the presence of the activating group A to produce the 

dihalobisimide (IX) 
o o 

II N- z -N 




X 

o o 




X 

(IX) 



Dihalobisimide (IX) can be reacted with the disodium salt of a dihydroxy compound to 
yield poly(etherimide). 
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Detailed Description 



[0007] 



The reaction of 4-halotetrahydrophthalic anhydride (III) 

O 



jo* 



0 

wherein X is a halogen, preferably chlorine, with an activating primary amine results in 
N-substituted-4-halotetrahydrophthalimide. 4-halotetrahydrophthalic anhydride (III) 
may be obtained by the Diels-Alder condensation of maleic anhydride with 2-halo- 
1 ,3-butadiene as disclosed in U.S. Patent No. 5,003,088 to Spohn. 

[0008] Suitable activating primary amines have the structure A-NH , wherein A is a 
group effective to activate the tetrahydrophthalimide ring system to aromatization. 
Suitable activating groups include, but are not limited to, pyridyls, chloropyridyls, 
nitropyridyls, pyrimidine, pyrazine, thiazole, methylthiazole, benzothiazole, 1,3,4- 
thiadiazole, and benzotriflouride. A preferred activating group is 2-pyridyl. As will be 
discussed later, the presence of the activating group A can also facilitate 
transimidization. 

[0009] The reaction of 4-halo-tetrahydrophthalic anhydride with the activating amine 

may be conducted without a solvent or in an inert solvent such as acetic acid, ortho- 
dichlorobenzene, xylene, or toluene. The reaction mixture is heated to a temperature 
of about 125 ° C to about 300 ° C, preferably about 200 ' C to about 275 0 C. Volatile 
by-products such as water are typically removed as they are formed. It is usually 
preferred to carry out the reaction in an inert atmosphere. Approximately equivalent 
amounts of 4-halotetrahydrophthalic anhydride and activating primary amine are 
used. The reaction yields an activated 4-halotetrahydrophthalimide (IV): 



o 




(IV) 



o 

wherein A is an activating group as described above. 



[0010] 



Activated 4-halotetrahydrophthalimide (IV) is aromatized in the presence of a 

catalyst to yield N-substituted-4-halo-phthalimide (V) 

O 




(V) 



o 
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Appropriate selection of activating group A allows adjustment of the conditions 
required for aromatization. For example, when the activating group is a 2-pyridyl 
moiety, N-{2-pyridyl)-4-halotetrahydrophthalimide (X) 



0 




o 

will readily aromatize in air in the presence of a catalyst to yield N-(2-pyridyl)-4- 

halophthalimide (XI) 
O 

o 

[001 1] This aromatization may be conducted in an inert solvent such as toluene, 

trichlorobenzene, or o-dichlorobenzene in the presence of a catalyst comprising a 
copper based compound such as CuO, Cu O, CuCI, CuCl , Cu (Acetylacetonate) (Cu 
(Acac)), and CuCO _ Cu(OH) . It is preferred for the catalyst to comprise both 
activated carbon and a copper based compound. An example of a catalyst comprising 
both activated carbon and a copper based compound is Calgon S-Sorb (an activated 
carbon comprising approximately 12% by weight Cu O), available from Calgon 
Corporation of Pittsburgh Pennsylvania. The amount of catalyst employed is 
determined by the type of catalyst, but generally the Cu compound is present in an 
amount of about 5-55 mol% based on the amount of activated 4- 
halotetrahydrophthalimide. The aromatization reaction is maintained at reflux 
conditions for about 3 to about 1 0 hours. The catalyst may be recycled but reactions 
using recycled catalyst may need to reflux for a longer period of time to achieve the 
same yield. Formation of the activated 4-halotetrahydrophthalimide and 
aromatization can be performed as a single step or as two sequential steps. When 
performed as sequential steps the activated 4-halo-tetrahydrophthalimide may be 
purified, if desired, by any method known in the art such as melt recrystallization, 
fractional distillation or column chromatography. 

[0012] 

N-substituted-4-halo-phthalimide (V) may then be treated with the disodium salt 
of a dihydroxy compound having the formula (XII): 

HO-S-OU (Xll) 

wherein S is a divalent radical, for example a straight or branched chain alkylene 
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group having from about 2 to about 20 carbon atoms; a cycloalkylene group having 
from about 3 to about 20 carbon atoms; or an arylene group having from 6 to about 
20 carbon atoms, and halogenated derivatives thereof. The alkylene, cycloalkylene, 
and arylene groups may be further substituted with alkyl, halogenated alkyl, fluoro, 
alkoxy, nitro, phenyl, phenoxy, aryl or other groups, provided that such substitutions 
do not interfere with synthesis or reaction. 

[001 3] A particularly preferred dihydroxy compound is bis(phenol) (XIII): 



wherein T is a single bond linking the two aryl groups, or a divalent radical, for 
example a straight or branched chain alkylene group having from about 2 to about 20 
carbon atoms; a cycloalkylene group having from about 3 to about 20 carbon atoms; 



derivatives thereof. The alkylene, cycloalkylene, and arylene groups may be further 
substituted alkyl, halogenated alkyl, fluoro, alkoxy, nitro, phenyl, phenoxy, aryl or 
other groups, provided that such substitutions do not interfere with synthesis or 
reaction. T further includes divalent functional groups such as sulfide, carbonyl, 
sulfoxide, and ether. 

[001 4] Illustrative examples of bis(phenol)s of formula (XI) include 2,2-bis(4- 

hydroxyphenyl)propane; 4,4'-bis(4-hydroxyphenyl)diphenyl ether; 4,4'-bis(4- 
phenoxy)diphenyl sulfide; 4,4'-bis(4-hydroxyphenyl)benzophenone ; 4,4'-bis(4- 
hydroxyphenyOdiphenyl sulfone; 2,2-bis(4-(3-hydroxyphenyl)phenyl)propane; 4,4'- 
bis(3-hydroxyphenyl)diphenyl ether; 4,4'-bis(3-hydroxyphenyl)diphenyl sulfide; 4,4'- 
bis(3-hydroxyphenyl)benzophenone; 4,4'-bis(3-hydroxyphenyl)diphenyl sulfone; 4- 
(3-hydroxyphenyl)-4'-(4-hydroxyphenyl)diphenyl-2,2-propane; 4-(3- 
hydroxyphenyl)-4'-(4-hydroxyphenyl)diphenyl ether; 4-(3-hydroxyphenyl)-4'-(4- 
hydroxyphenyl)diphenyl sulfide; 4-(3-hydroxyphenyl)-4'-(4-hydroxyphenyl) 
benzophenone, and 4-(hydroxyphenyl)-4'-(4-hydroxyphenyl)diphenyl sulfone 
dianhydride, as well as various mixtures thereof. A preferred bisphenol is bisphenol A. 
These and other bis(phenol)s and dihydroxy compounds are described in U.S. Patent 
Nos. 3,972,902 and 4,455,410, which are incorporated herein by reference. 




(XIII) 



or an arylene group having from 6 to about 20 carbon atoms, and halogenated 



[0015] 



Reaction of N-substituted-4-halophthalimide (V) with the disodium salt of the 



App_BD= 10065 197 



Page 6 of 24 



dihydroxy compound (X) yields activated bisimides having the formula (VI): 
o o 

-pa 0 ,s^C£r (V|> 

o o 
wherein A and S are as defined as above. The product of the reaction of (V) with the 

bis(phenol) (XIII) is activated bisimide (XIV)) 

o o 
wherein A and T are as defined above. 

[001 6] In general the reaction of N-substituted-4-halophthalimide (V) with the disodium 
salt of bis(phenol) (XIII) or the disodium salt of dihydroxy compound (XII) may be 
effected by combining the disodium salt of the bis(phenol) dihydroxy compound with 
the N-substituted-4-halophthalimide (V) in the presence of a phase-transfer agent, as 
disclosed in U.S. Patent No. 5,830,974 and U.S. Patent No. 5,229,482. The reaction 
may be conducted in the melt phase, or in an inert solvent such as ortho- 
dichlorobenzene, meta-xylene and the like. Effective temperatures are in the range of 
about 1 00 ° C to about 200 ° C with about 1 20 ° C to about 1 80 ° C preferred. Other 
suitable methods for reaction of a disodium salt of bisphenol or dihydroxy compound 
with N-substituted-4-halophthalimide (V) are disclosed in U.S. Patent Nos. 3,850,965; 
4,827, 000; 5,185,451 ; 4,868,316; 4,960,905; and 5,266,678. 

[0017] 

The presence of activating group A in activated bisimide (VI) allows the direct 
reaction of activated bisimide (VI) with diamine (VII) to produce poly(etherimide) and 
the activating amine which can then be recycled. Diamine (VII) has the structure 

H2N-Z-NH2 (VU) 

wherein Z is a divalent radical, for example a straight or branched chain alkylene 
group having from about 2 to about 20 carbon atoms; a cycloalkylene group having 
from about 3 to about 20 carbon atoms; or an arylene group having from 6 to about 
20 carbon atoms, and halogenated derivatives thereof. The alkylene, cycloalkylene, 
and arylene groups may be further substituted with alkyl, aryl groups or other 
functional groups, provided that such substitutions do not interfere with synthesis of 
bisimide (VI) or any further reaction of bisimide (VI). Z further includes divalent, 
diarylene radicals of the following general formula (XV): 
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wherein Q includes, but is not limited to, the formula (XVI): 
p p 

— CyHy- • — C— • — ?~~ • — °~~ and — S~ 
(XVI) ° 

wherein y is an integer from about 1 to about 5. Preferred alkylene groups include but 
are not limited to methylene, ethylene, propylene, isopropylene, n-butylene, and the 
like. Preferred arylene groups include but are not limited to 1 ,3-phenylene, 
naphthylene, and the like. A preferred Z group is 1 ,3-phenylene. 

[001 8] This polymerization via transimidization may be conducted in an inert solvent 

such as toluene, ortho dichlorobenzene, chlorobenzene or xylene at a temperature in 
the range from about 200 to about 300 ° C, and preferably in the range from about 
225 to about 275 ° C. Preferably the reaction is run in an inert atmosphere. 

rui y 1 1 ici iz.cti.iui I via u ai i^ii i nu iz.auui i may auu wv-v-ui in tn^. mtn. pnujv. 

[001 9] Alternatively, activated bisimide (VI) (or (XIV)) may be treated with a phthalic 

anhydride or subjected to hydrolysis ring closure to yield dianhydride (VIII): 
o o 



[0020] Dianhydride (VIII) may then be reacted with diamine (VII) to yield poly(etherimide). 

[0021] Hydrolysis ring closure comprises treating the activated bisimide (VI) or (XIV) with 
strong base (caustic) to result in the tetra sodium salt which is then acidified to the 
tetra acid which, when heated or treated with acetid anhydride yields the dianhydride 
(VIII). Hydrolysis ring closure is typically performed in an inert solvent with a sufficient 
amount of caustic (strong base) to form the tetra sodium salt. The strength of the 
base is typically determined by the identity of the activating group A. 

[0022] In another embodiment N-substituted-4-halophthalimide (V) can be reacted with 

diamine (VII) to produce the dihalobisimide (IX) 

P o. 





1 The reaction of 4-halophthalimide (V) with diamine (VII) is a transimidization 
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reaction that is facilitated by the presence of the activating group A. Dihalobisimide 
(IX) can be reacted with the disodium salt of dihydroxy compound (XII) to yield poly 
(etherimide). Conditions for this reaction are taught in U.S. Patent No. 5,229,482 to 
Brunelle. 

[0024] All patents cited herein are incorporated by reference. 

[0025] The invention is further described by the following non-limiting examples: 

EXAMPLES 

[0026] Example 1 . Synthesis of N-(2-pyridyl)-4-Chlorotetrahydrophthalimide. 

[0027] 1 1 9.5 grams (0.64 moles) of 4-chlorotetrahydrophthalic anhydride and 94.1 

grams (0.64 moles) of 2-aminopyridine were added to a 500-mL, 3-necked, round- 
bottomed flask equipped with a Dean-Stark trap topped with a condenser, a nitrogen 
outlet, means for maintaining a mild sweep of nitrogen over the reaction mixture, and 
a magnetic stir. The material was heated to 1 30 ° C with an externally heated oil bath 
to provide an easily stirred melt. The reaction was heated to 1 75 ° C for a 45 minute 
period. The water of imidization collected in the Dean-Stark trap. The reaction was 
then heated to 220 to 225 ° C for 2.5 hours and the resulting amber material was 
transferred into a clean glass jar. The crude material was recovered in 97% yield. HPLC 
analysis of the crude material indicated >98% purity of the desired compound. 

[0028] Example 2. Synthesis of N-(2-pyridyl)-4-chlorophthalimide. 

[0029] 

6.0 grams (23.2 mmol) of N-(2-pyridyl)-4-chlorotetrahydrophthalimide, 37.4 
milliliters of 1 ,2,4-trichlorobenzene, and 5.97 grams of Calgon carbon S-Sorb 1 2 
30 mesh) was added to a 50-mL, round-bottomed flask, equipped with a reflux 
condenser, a magnetic stir bar, and a tube to deliver air below the surface of the 
reaction mixture. The reaction mixture was stirred and heated to reflux. Air was gently 
bubbled into the reaction mixture. The reaction was analyzed by HPLC after 2.5 hours 
and it was found that the desired product, N-(2-pyridyl)-4-chlorophthalimide, was 
formed in 8896 yield. For comparison a similar experiment was run using 2 grams of 
N-methyl-4 chlorotetrahydrophthalimide and 4 grams of Calgon carbon S-Sorb. After 
3 hours a 39% yield of the aromatized product was obtained. This result clearly 
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demonstrates this importance of the activating group. The reaction of 4- 
chlorotetrahydrophthalic anhydride in the presence of Calgon carbon S-Sorb result 
only in minimal aromatization (about 0.596). 

[0030] Examples 3-8. Comparison of catalysts in the synthesis of N-(2-pyridyl)-4- 
chlorophthalimide. 

[0031] 0.5 grams of N-(2-pyridyl)-4-chlorotetrahydrophthalimide and 4 milliliters of 
trichlorobenzene were combined with the catalysts shown in Table 1 in test tubes 
open to the air. The reaction mixtures were heated to 21 0 ° C for 3 hours. Yield was 
determined by gas chromatography-mass spectrometry (CC-MS). Results are shown in 
Table 1 . 
[tl] 

Table 1. 



Example 


Catalyst 


Amount of 
catalyst (grams) 


Yield 


3 


Calgon S-Sorb 


0.5 


51% 


4 


Cu 2 0 


0.1 


4% 


5 


CuCl 


0.1 


15% 


6 


CuCl 2 


0.1 


41% 


7 


Cu(Acac) 


0.1 


27% 


8* 


None 




0.5% 



♦Comparative example 



[0032] As can be seen from the preceding unoptimized examples, several copper based 
compounds are useful for catalyzing the aromatization of N-(2-pyridyl)-4- 
chlorophthalimide. 

[0033] Examples 9-1 3. Comparison of catalysts in the synthesis of N-(2-pyridyl)-4- 
chlorophthalimide and N-phenyl-4-chlorophthalimide. 

[0034] 

0.2 grams of N-(2-pyridyl)-4-chlorotetrahydrophthalimide, 0.2 grams of N- 
(phenyl)-4-chlorotetrahydrophthalimide and 4 milliliters of trichlorobenzene were 
combined with the catalysts shown in Table 2 in test tubes open to the air. The 
reaction mixtures were heated to 21 0 ° C for 4 hours. Yield was determined by gas 
chromatography-mass spectrometry (GC-MS). Results are shown in Table 2. 
[t2] 
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Table 2. 



Ex. 


Catalyst 


Amount 

of" 
catalyst 
(grams) 


Yield of N-phenyl-4- 
chlorophthalimide 


■ Yield of N-(2- 

pyridyl)-4- 
cnioropnuiaiiiuiuc 


9 


Calgon S-Sorb 


0.5 


18.6% 


89.9% 


10 


CuCOjCu(OH) 

2 


0.1 


1.8% 


69.7% 


1 1** 


CuCl 2 


0.1 


5.8% 


62.9% 


12 


Cu(Acac) 


0.1 


1.3% 


44.5% 


13* 


None 




0% 


1.4% 



•Comparative example 

•♦Example showed 10% dechlorination 



[0035] As can be seen from Examples 9-12, 2-pyridyl is a more effective activating group 
than phenyl. Additionally, N-(2-pyridyl)-4-chlorotetrahydrophthalimide may be 
aromatized in the presence of a variety of copper based catalysts. 

[0036] Example 1 4. One step synthesis of N-(2-pyridyl)-4-chlorophthalimide. 

[0037] 5.2 grams of 4-chlorotetrahydrophthalic anhydride, 2.6 grams of 2- 

aminopyridine, 50 milliliters of trichlorobenzene and 6.0 grams of Calgon Carbon S- 
Sorb was combined in a 3 neck flask. The flask was fitted with a reflux condenser and 
an inlet tube adjusted to deliver air as bubbles below the surface. The third neck was 
fitted with a drying tube to remove water. After about 9 hours, N-(2-pyridyl)-4- 
chlorophthalimide was formed in about 84% yield as determined by GC-MS. 

[0038] Example 1 5. Synthesis of Activated Bisimide. 

[0039] An appropriately sized oil jacketed vessel is charged with 1 mole of bisphenol A 
and water. The flask is flushed with nitrogen. Two moles of sodium hydroxide are 
added to the mixture, to afford a solution containing 1 596 solids. The reaction mixture 
is heated to 90 ° C to afford a clear solution of BPA disodium salt. The aqueous salt is 
then dripped into refluxing toluene under an atmosphere of nitrogen over a three 
hour period in an appropriately sized oil jacketed vessel. Toluene and water are 
removed from the flask as the salt solution is added. Fresh toluene is added to the 
reaction vessel to maintain level. The disodium salt precipitates in the toluene. The 
final concentration of salt in the toluene slurry at the end of the addition is 20% by 
weight. Toluene is then stripped from the vessel as fresh dry toluene is added to 
maintain level (and thus % solids) in the vessel. Toluene is stripped over a period of 4 
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hours. At this point the salt is dry enough to react with the substrate. 

[0040] 2600 milliliters of dry toluene and 2 moles of dry 4-Chloro-N-(2-pyridyl) 

phthalimide are added to a oil jacketed vessel. The toluene solution is brought to 1 00 
' C and 1 mol% (with respect to the amount of the salt) of hexaethylguanidium 
bromide is added to the vessel. The toluene solution is then brought to reflux and 
milliliters of toluene is removed from the vessel to assure that the reaction mixture is 
dry. 

[0041] The bisphenol disodium salt is then slowly added to the solution of the imide and 
hexaethylguanidium bromide in toluene. The reaction is allowed to run for 2 hours 
with mechanical stirring under nitrogen at reflux. The percentage of solids is not 
allowed to go above 2596. 

[0042] The reaction is cooled to 82 ° C and contacted with 1% sodium hydroxide (organic 
phase to aqueous phase of 5:1 , vol:vol) for 5 minutes with rapid stirring. The phases 
are allowed to separate and the aqueous phase is removed. This procedure is 
repeated. The organic phase contains the bisimide. The solvent is removed from the 
organic phase to afford the bisimide. 

[0043] Example 16. Reaction of activated bisimide with 1 ,3-Diaminobenzene. 

[0044] A 50 milliliter side armed test tube was charged with 1 0.0 grams of an activated 
bisimide (XVII) 




(XVII) 

with an equimolar amount of metaphenylene diamine. The tube was heated at 270 ° C 
for 50 minutes under a nitrogen atmosphere. The temperature was gradually raised to 
31 0 ° C as a vacuum was applied. The tube was then maintained at 31 0 ' C for 1 hour. 
2-aminopyridine was removed and trapped as the polyetherimide was formed. 

[0045] Example 1 7. Reaction of N-(2-pyridyl)-4-chlorophthalimide and 1 ,3- 
metaphenylene diamine. 
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[0046] An oil-jacketed reactor is charged with 1 mole N-(2-pyridyl)-4-chlorophthalimide 
and 2500 grams of ortho-dichlorobenzene and 0.5 moles of metaphenylene diamine. 
The reactor is heated to reflux for 3 hours, and then placed under 5 to 1 5 psi nitrogen 
pressure. The reaction mixture is heated to 220 ° C and the ortho-dichlorobenzene 
and 2-aminopyridine are allowed to distill overhead across a backpressure control 
valve. The dichloro bisimide product precipitates from the reaction mixture. Dry 
ortho-dichlorobenzene is added to the vessel at the same rate as it is lost via 
distillation. When precipitation stops the material is allowed to cool and the dichloro 
bisimide is isolated by filtration. 

[0047] Example 1 8. Hydrolysis ring closure of Activated Bisimide (XVII) to form 
Dianhydride. 

[0048] 10 grams (14.88 millimoles) of activated bisimide (XVII), 5.95 grams (74.4 

mjMimQjes) if 50% by weight aqueous sodium hydroxide and 1 00 grams of water is 
added to a flask. A surfactant such as Triton X or methanol may be added to facilitate 
the hydrolysis reaction. The mixture is stirred at 1 60 0 C under approximately 0.5 to 
0.7 MegaPascals of pressure for 2 to 4 hours to form the tetra sodium salt. The tetra 
sodium salt mixture is then added slowly (over about 30 minutes), with stirring, to a 
flask containing 8.1 8 grams (81 .84 millimoles) of 9896 by weight sulfuric acid and 50 
milliliters of water at 90 to 95 ° C. The mixture is refluxed for 1 hour and the pH is 
maintained below 1 . The tetra acid precipitates from the reaction mixture and is 
collected by filtration. The tetra acid is then combined with 100 grams of xylene and 
brought to reflux to dry the tetra acid. The water and some xylene is collected in a 
Dean Stark receiver. Additions of xylene keep the amount of xylene constant. When no 
more water can be seen collecting in the Dean Stark receiver, 5.3 grams (52.1 
millimoles) of acetic anhydride is added to complete the conversion of the tetra acid 
to the corresponding dianhydride. The mixture is refluxed for about 2 hours, filtered 
and allowed to cool. The dianhydride crystallizes from solution and is collected by 
filtration. 

[0049] 

While preferred embodiments have been shown and described, various 
modifications and substitutions may be made thereto without departing from the 
spirit and scope of the invention. Accordingly, it is to be understood that the present 
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invention has been described byway of illustration and not limitation. 
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